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FOREWORD 


The Objectives 


The complete collection of the jointly issued API/ASTM-IP tables of which this 
volume is a part is the result of close cooperation between the American Petroleum 
Institute (API), the Institute of Petroleum (London) (IP), and the American Socie- 
ty for Testing and Materials (ASTM). The overall objective of this effort was to 
meet the worldwide need for a uniform and authoritative publication, based on the 
most accurate information available. This publication serves as a basis for standard- 
ized calculations of measured quantities of petroleum fluids regardless of point of 
origin, destination, or units of measure used by custom or statute. To meet the 
objective of worldwide standardized measurement practices, the American Na- 
tional Standards Institute (ANSI) and the British Standards Institute (BSI) have 
also been closely involved nationally, resulting in the acceptance of the revised 
tables as an American National Standard and as a British Standard. In addition, in 
their respective capacities as Secretariat of the International Organization for Stan- 
dardization TC/28 and of TC/28 SC3, ANSI and BSI have been instrumental in 
progressing the revised tables towards their adoption as an international standard 
by the International Organization for Standardization. 


Historical Notes 


The present collection supersedes all previous editions of the petroleum measure- 
ment Tables ANSI/ASTM D1250, IP200, and API Standard 2540. Action is being 
taken in ISO/TC 28 for the corresponding tables listed in ISO R91 and the tables 
in the addendum to R91 to be superseded by the present revised collection. 

In view of the progress of metrication in countries formerly using the British 
system of weights and measures, demand for the revision of the British edition does 
not justify the considerable work involved. The present edition will therefore be 
withdrawn on the same date as the corresponding metric and American editions are 
published and will not be replaced. 

For the metric edition the new standard covers products with densities in the 
range 610.0 to 1076.0 kg/m*. The tables for densities below this range, covering 
liquefied petroleum gases, have not been revised. 

The original tables, which were developed in the late 1940s, were based on the 
1916 data of Bearce and Peffer (1916) and represent thirty years of evolution. The 
history of this evolution is summarized by Hall et al. (1975). 


Present Development 


Downer and Inkley (1972) demonstrated that the original tables were not satis- 
factory representations of many petroleum fluids of current importance. In 1974 the 
American Petroleum Institute (API) and the United States National Bureau of 
Standards (NBS) initiated a research program funded by the API which intended 
to provide the solid scientific base for the development of more accurate, conse- 
quently more equitable, measurement tables. The result of this program was precise 
density data on 349 different fluids representing a wide variety of refined products 
and 66.8 percent of the world crude production in 1974. The completion of this 
five-year, $500,000 project in March 1979 opened the way for modernizing the 
tables. Using the NBS density data and taking advantage of publications of out- 
standing technical authorities, a Joint API-ASTM Physical Properties Working 
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Group produced this present collection of the Petroleum Measurement Tables. The 
development and results of the work are described by Hankinson et al. (1979). 


Conceptual Departure 


A major conceptual departure from previous versions is inherent in the recogni- 
tion of the present and future position of computers in the petroleum industry. The 
actual Standard represented by this volume and the companion volumes is neither 
the hardcopy printed tables nor the set of equations used to represent the density 
data but is an explicit implementation procedure used to develop computer subrou- 
tines. The standardization of an implementation procedure implies the standardiza- 
tion of the set of mathematical expressions, including calculational sequence and 
round-off procedures, used within the computer code. Absolute adherence to the 
outlined procedures will ensure that all computers and computer codes of the 
future. meeting the stated specifications and restrictions, will be able to produce 
identical results. Hence, the published implementation procedures are the primary 
Standard, the distributed subroutines are the secondary standard, and the published 
tables are produced for convenience. 
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PREFACE 


The Petroleum Measurement Tables, Volume Correction Factors (Volumes I 
through X), are, with this edition, incorporated into API's Manual of Petroleum 
Measurement Standards. These tables form Section 1 of Chapter 11, “Physical 
Properties Data.” To simplify the transition from the American Society for Testing 
and Materials’ (ASTM) publication of the original tables to API's publication in 
1980, the original ASTM numerical designations have been retained for the indi- 
vidual tables. 

The numbering system used throughout Volumes | through X corresponds to the 
numbering system of the Manual of Petroleum Measurement Standards. The system 
consists of a series of fields separated by decimal points. The first two fields (11.1) 
indicate chapter and section of the manual; the third field gives the ASTM table 
number. Therefore, although not serial, 11.1.5, 11.1.6, 11.1.23, 11.1.24, 11.1.53, 
and 11.1.54 are the major headings used. All other headings are subordinate to the 
three field headings. 

Volumes I through IX, which are designed for field use, are arranged on a 
functional basis rather than on a topical basis. 


First Series—Volumes |, Il, and II! 

These three volumes contain TABLES 5 and 6, the tables for the °API, °F, 60°F 
base series, plus examples to guide the user. Each volume contains specific data 
as follows: 


Volume 1 —Generalized Crude Oils (TABLES 5A and 6A) 

Volume I] —Generalized Products (TABLES 5B and 6B) 

Volume III —Individual and Special Applications (TABLE 6C) and an appen- 
dix describing the equations and constants used and the densities 
and coefficients of thermal expansion of each NBS sample. 


Second Series—Volumes IV, V, and VI 


These three volumes contain TABLES 23 and 24. the tables for the relative 
density, °F, 60°F base series, plus examples to guide the user. Each volume 
contains specific data as follows: 

Volume IV —Generalized Crude Oils (TABLES 23A and 24A) 

Volume V —Generalized Products (TABLES 23B and 24B) 

Volume VI —Individual and Special Applications (TABLE 24C) and an appen- 
dix describing the equations and constants used and the densities 
and coefficients of thermal expansion of each NBS sample. 

Third Series—Volumes VIL, Vill, and IX 

These three volumes contain TABLES 53 and 54, the tables for the kilogram per 

cubic metre, °C, 15°C base series, plus examples to guide the user. Each volume 

contains specific data as follows: 

Volume VII —Generalized Crude Oils (TABLES 53A and 54A) 

Volume VilI—Generalized Products (TABLES 53B and 54B) 

Volume (X —Individual and Special Applications (TABLE 54C) and an appen- 
dix describing the equations and constants used and the densities 
and coefficients of thermal expansion for each NBS sample. 


Volume X provides a complete breakdown of the Petroleum Measurement 
Tables, Volume Correction Factors, and references appropriate volumes for the 
location of specific tables. Volume X is the key volume of the entire set and contains 
the actual Standard, the implementation procedures, and the instructions for the 
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use of the computer subroutines. The history and development of the project are 
also included in Volume X under 11.1.6. 


Inquiries concerning the application of the tables or the computer subroutines 
should be addressed to— 

American Petroleum Institute 

Measurement Coordination 

1220 L Street, NW. 

Washington, D.C. 20005 
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Chapter 11—Physical Properties Data 


SECTION 1—VOLUME CORRECTION FACTORS 


11.1.24 TABLES 24A, 24B, and 24C— 
Correction of Volume to 60°F 
Against Relative Density 
60/60°F and Thermal Expansion 
Coefficients 


Tables 24A, 24B, and 24C give the factors for con- 
verting liquid petroleum volumes measured at observed 
temperatures to the corresponding volumes at 60°F. 

The data are presented in three tables to maximize 
accuracy while maintaining convenience of use: 


TABLE 24A Generalized Crude Oils 

(see Volume IV) 

Generalized Products 

(see Volume V) 

Volume Correction Factors for 
Individual and Special Applications 


TABLES 24A and 24B use relative density 60/60°F to 
obtain volume correction factors. TABLE 24C uses ex- 
perimentaltly determined thermal expansion coeffi- 
cients to obtain volume correction factors. 

The development and intended use of these tables is 
described in 11.1.6 in Volume X. The parameters Ko 
and K, may be found in 11.1.24.7.1 

The limits of these tables are illustrated in Figures 
VI-i1, VI-2, and VI-3. 


TABLE 24B 


TABLE 24C 


Data Range 


1.0760 


8250 .7795 .7585 


11.1.24.7 TABLE 24C—VOLUME CORRECTION 
FACTORS FOR INDIVIDUAL AND 
SPECIAL APPLICATIONS, VOLUME 
CORRECTIONS TO 60°F AGAINST 
THERMAL EXPANSION COEFFICIENTS 
AT 60°F 
TABLE 24C gives volume correction factors to 
convert petroleum liquid volumes to the corresponding 
volume at 60°F. The table presents tabular entries of 
volume correction factors against thermal expansion co- 
efficients and temperature. The values were computed 
from the basic equation used to represent volume cor- 
rection factors. 


VCF = EXP [-a7Ad(1 + 0.807A2)] (1) 
ay = a at the base temperature 
Ar=t-T 


f = any temperature 
{ = base temperature 


In this form the equation is independent of the group 
or substance. It can be used with any valid method of 
obtaining the thermal expansion coefficient for a given 
fluid as long as a statistically significant number of 
points are obtained. A minimum of ten such points is 
recommended. The appendix (11.1.24.7.1) to TABLE 
24C presents values of the thermal expansion coeffi- 
cient along with the base density for each of the NBS 


Relative Density 
Figure VI-1 — Data Limits for TABLE 24A, Generalized Crude Oils 


Copyright por American Petroleum Institute 
Mon Feb 07 11:50:46 2005 


API MPMS*11-1 VOL*VI 60 MB O732290 0522471 75], 


Vi-2 


Data Range 


: 1.0760 


8250 .7795 
Relative Density 


CHapTen 11—PuysicaL Properties DATA 


EZ Extrapalated 


6535 


Figure VI-2 — Data Limits for TABLE 24B, Generalized Products 


ma LEZ. 


250 
°F 150 


Data Range 


G70 


570 


GF: Extrapolated 2 


930 


530 


Thermal Expansion Coefficient x 105 (°F—-1) 
Figure VI-3 — Data Limits for TABLE 24C, Volume Correction Factors for Individual and Special Applications. 


samples. In addition, values of the constants Ko and K i 
are given for each major group. These constants relate 
the thermal expansion coefficient to base density by 


Ko + K. 
op = ) —ibr (2) 
Pr 


This table and its primary subroutine allow the use of 
measured data for previously unstudied fluids to sup- 
plement those data included in the initial data base. 
High precision density data obtained from the labora- 
tory for a fluid of interest may be reduced by Equa- 
tion 1 to obtain py and ar. TABLE 24C may then be 
entered with the a7 so determined. 

TABLE 24C, when used with a minimum of ten data 
points, allows one to extract the highest degree of accu- 
tracy from the base data. It is suggested that TABLE 
24C be used when: 

1. TABLES 24A and 24B do not adequately represent 
the thermal expansion properties of the fluids of inter- 
est; 

2. Precise thermal expansion coefficients may be ob- 
tained directly or indirectly by experiment (As an exam- 
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ple, high precision density data may be used to compute 
the coefficients.); and 

3. Buyers and sellers agree that, for their use, a greater 
degree of equity can be obtained. 


The temperature ranges of this table are: 


a * 10° °F 
270 to 510 0 to 300 
510 to 530 0 to 250 
530 to 930 0 to 200 


The volume correction factors given in this table are 
based on data from the U.S. National Bureau of Stan- 
dards (NBS) and from other published data. The ap- 
pendix to this table presents values of the thermal ex- 
pansion coefficients at 60°F for each of the samples 
included in the NBS data set. Portions of the tempera- 
ture ranges represent areas beyond these data. Thus, 
mathematical techniques were employed to extrapolate 
beyond the temperature ranges of the given data to 
determine the volume correction factors for these 
areas. These factors are denoted by an asterisk (*). 
Extension of this tabie beyond the ranges shown is not 
intended. 
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SecTION 1—Vo UME CORRECTION FacTORS VI-3 


Increments used in this table for determining the vol- 
ume correction factors are 0.5°F and 2 units for a. In- 
terpolation between either temperature or thermal ex- 
pansion coefficient is not intended since there is no 
practical method of interpolation that will produce the 
accuracy obtainable from the Standard. 


This table must be entered with a known 
thermal expansion coefficient at 60°F and with an 
observed temperature. 


Example 1 


What is the net volume at 60°F of 165 000 barrels of 
gasoline at 45°F and a coefficient of thermal expansion 
of 680.0 * 10° at 60°F? 

Enter the table in the column “Coefficient of Ther- 
mal Expansion,”’ headed 680.0 at 45.0°F and note the 
volume correction factor 1.0102. Net volume at 60°F is 


165 000 * 1.0102 = 166 683.0 
or 
166 683 net barrels of gasoline. 


Example 2 


The laboratory reports the following experimental 
data for a specific petroleum fluid: 
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°C kg/m? 
14.927 868.211 
15.918 868.0219 
20.212 864.5136 
24.955 861.187 
29.621 857.908 
32.878 855.615 
35.427 853.818 
40.162 850.475 
42.017 849.163 
44.865 847.148 


From these data the thermal expansion coefficient at 
60°F is 447.482 * 10° reciprocal °F. (Note: A mini- 
mum of ten data pairs is suggested if this type of proce- 
dure is utilized.) 

What is the net volume at 60°F of 270 000 barrels of 
this petroleum fluid at 80°F? 

Enter the table in the columns “Coefficient of 
Therma! Expansion,” headed 447.0 at 80°F and note 
the volume correction factor 0.9910, Net volume at 60°F 
is 

270 000 * 0.9910 = 267 570.0 


or 
267 570 net barrels. 


(Text continues on next page VI-7 following TABLE 
24C) 


API MPMS*11-1 VOL*VI 40 MM 0732290 0522873 S24 Mm 


SECTION 1—VOLUME CORRECTION Factors VI-5 


API/ASTM-IP PETROLEUM MEASUREMENT TABLE 


TABLE 24C, VCF FOR INDIVIDUAL AND SPECIAL APPLICATIONS 


VOLUME CORRECTION TO 60 DEGREES F 


(C) COPYRIGHT 1980 
AMERICAN PETROLEUM INSTITUTE 


ALL RIGHTS RESERVED 


THIS TABLE AND THE SUBROUTINE FROM WHICH IT WAS GENERATED 
IS A VOLUNTARY STANDARD AND WAS DEVELOPED UNDER THE 
AUSPICES OF THE JOINT API/ASTM COMMITTEE ON STATIC 
PETROLEUM MEASUREMENT IN PART FROM DATA GENERATED BY A 
PROJECT FUNDED BY THE AMERICAN PETROLEUM INSTITUTE AT THE 
U.S. NATIONAL BUREAU OF STANDARDS, GAITHERSBURG, MARYLAND. 


INQUIRIES CONCERNING ITS APPLICATION SHOULD BE 
ADDRESSED TO: 


AMERICAN PETROLEUM INSTITUTE 
MEASUREMENT COORDINATION 
2101 L STREET, N.W. 
WASHINGTON, DC 20037 
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= THIS TABLE OR THE MATHEMATICAL RELATIONSHIPS 
REPRESENTED THEREBY MAY BE USED BY ANYONE WISHING 
TO DO SO, BUT THE AMERICAN PETROLEUM INSTITUTE, 
THE AMERICAN SOCIETY FOR TESTING AND MATERIALS, 
AND THE INSTITUTE OF PETROLEUM AND THEIR 
RESPECTIVE MEMBERS AND THE U.S. NATIONAL BUREAU 
OF STANDARDS, SHALL NOT BE HELD RESPONSIBLE OR 
LIABLE IN ANY WAY FROM LOSS OR DAMAGE, INCLUDING, 
BUT NOT LIMITED TO, CONSEQUENTIAL DAMAGE, 
RESULTING FROM SUCH USAGE OR FOR VIOLATION OF 

ANY FEDERAL, STATE OR MUNICIPAL LAWS, REGULATIONS 
OR PRACTICES OF THE UNITED STATES OR OF ANY 
FOREIGN COUNTRY. 
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Obv6’ 
vivG’ 


O'O0L2 


0 


0 
0 


0'OSl 
S°6rl 


Copyright por American Petroleum Institute 
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API MPMS*11-1 VOL¥VI 80 MM 0732290 0523305 TOl 


9EP 


0°06Z OL O°022 = VHd IV 

O'S9L «EGL6'O «9S16°O «8GI6'°O «0916'O «Z2916'0 «P916'O «2916 °0 
S°V9l «8SEG'O «O916'O x12916°0 «v9t6'O «9916°O «8916'°O «bLt16'0 
O' PO «2960 «HOLE'O «9916°0 «8916°O «OLEG'O «ZZ16'O «GLI6°D 
G°€9t «99LG'O «B916'O «OLIGO «ZZ16'O «¥2t6'O «9216'O «6L16'°0 
O'E9L «OLtL6'O «2216°O wbL16°O «9416 'O «B216°0 «O8L6'O «EB816'0 
S°c9Olt «hLb6°O «9216'°O «82t6°O «OB8I6'O «Z2816'O «GBIG'O «28160 
O°C9t «BL1L6°O «0816'°O «2816'0 «PBl6'O «98l6'O «6816'0 «t616'0 
G'LOtL «28460 «VBlL6'O «98160 «8B16'O «bGL6'O «EGEG'O «9616'°0 
O'l9t «9816°0 «8816°O «0616'0 «2616'0 «G616'°0 «4646'°0 «6616 °0 
G°O9k xO6L6'O «Z6L6'O «vV6L6'O «4616'O «6616°0 «b026°O «€026'0 
0°09+t «b616°O «96160 «6616°0 «b026'°0 «€026'°0 «G026'°0 «2026'0 
S°6St «8616'0O «t026'0 «€026'0 «G0Z6'O «4026'°0 «6026°0 «thz6'0 
O°6SlL «€026'°0 «GO026'0 «20Z6'0 «6026'0 «bl26'O «ELZE'O «G1z6'0 
S'8Gt «40206°0 «6026'°0 «bt26'O «ELZ6°O «Gl26'°O «LtZ6'O «6126'0 
O'°SSt xbtb26'O «€126'O «St26'O «L4126°O «6426°O «t226'0 «€226'0 
G°LGt «Glb26'O «L£b26°O «6126'0 wte26°O «€226'O «S226'0 «2260 
OLS +«64b26°O «bk 226'°O x€CC6'O «S226'0 «42Z6°O «6226'0 «b€z6'0 
S°9Sl «€226°O «9¢06°0 «L026'0 «62726'0 «l€26°0 «8E26'0 «S26 0 
O'9Gt «L226°O «6026'0 «bEZ6'0 «EE76'O uGE76'O +LE76'O »«6EC6 0 
S°GGtL «bOc6°O «EEC6'O «GET6°O «LE7T6'O «6EC6'O «bt vP26'O «E76 '0 
O'SSG! «GE26'O «LEZ6°O «6EC6'O ul bZ6'O «EP26°O «G26 '°O «Lvz6'0 
G'vGl »«6€26'0 «lv26'O «E260 «GrZ6'O «L¥26°0 «6726°0 «1SZ6'0 
O'vGl «E7260 «Ghc6'O «Lvc6°0 «6¥26'0 «bG26'0 «€GZ6'0 «GSZ6'0 
SG EGlL «8260 «6726'°O «blG26°0 «€926'O «SS26'0 «4G26'0 «69726 '0 
O'ESL «2S26'0 «tS26°0 «SS26'0 «2926'°0 «6S26'0 «1926'O «E976°0 
GGG »«9526°0 «89¢6°0 «0926'°0 «1926'O «€926'0 «S926'0 «2926'0 
O'cSt +«0926'0 «29d6'°0 «1¥926'0 «S926°0 «4926'0 «6926'0 «b4Z26°0 
S'IGt «¥926'°O «9926'°0 «8926'0 «0426'0 «tZ426'°0 «€L26'0 «GL26'0 
OIG «8926°0 «0226'0 »2426°0 «¥426'°0 «GL26'°0 «LLZ26'0 «6L26°0 
S°OGL «22£26°0 «#L26'0 «9426'0 «8426'0 «6426'0 «1826'0 «68260 
0°OSL 9/¢6°0 8426'0 O826'0 28¢26'0 +826'0 Sec6'0 2826°0 
d 4d 09 OL SAWNIOA ONILOSYHOO HOd 


‘dWSL 0°062 0°’ ess 0°982 O' ved 0°c8d 0°08 O';Sld 


(4 93Sd/t) ‘0000001 « NOISNVdX3 IWWYSHL 


4d 09 OL NOTLOSYHOO SAWNIOA 
SNOTLVOTIdd¥ IWI0adS ONY WNGIAIGNI YO4 ADA 


aN 
x6916°0 xblb6’ 
xEZ1L6°O «Glt6° 
«Z£16°O x«6216' 
«tBl6°O «f8ts" 
*GBL6°O «286° 
x6B16°O xb6L6' 
«C64L6°O «S6L6° 
xZ£616°O «6616° 
«9026°0 «2006° 
x6006'°0 «bbe6’ 
«x€4t26°0 «xGtd6- 
xZlé26°0 x6126° 
«b626°O x€07c6" 
«90060 «L£0c6° 
«62076'°0 x bOC6™ 
s€O06'°O «SEE 
«L666 0 «686° 
xt PcG O x«E7C6- 
«S¥C6'°0 «lLpe6- 
x6¥C6°0 xtS26° 
«€G26°0 «GGZ6° 
*L£G¢d6'°0O «69¢c6° 
Xe 1926 '°0 x£9C6° 
«S$926'0 «296° 
x6926'°0 «llc6’ 
x€126'0 «GlLZ6° 
uZ2426°0 «6226 ° 
«b8¢26°0 «€8c6° 
«GB26°0 «28c6° 
68¢c6'0 16c6° 
YyOLOVA 


O'942 O' bls 
dO INSTOISAR0O 


‘Ove Davi Idv 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
“0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


A 
0 


Q31V1IOdVHLXA SALONAG « 


xELb6 


aLZ2Zb6° 
x bBL6* 
*«GBL6° 
x6BL6° 
xf6L6° 


«266° 
« LOC6" 
«GOZ6" 
«6006 — 
xO bE 


xZb¢6- 
ab ece” 
«GE7T6- 
«606° 
xBEC6” 


xZ€c6° 
a A oe 
«SVc6° 
«606° 
xOS9c6° 


xlG¢6° 
x L926 : 
«G96 ° 
«69C6' 
«8206 ° 


eLlé6° 
«tb Bc6° 
«G8¢d6° 
«686° 
£626" 


O°'e4L 


“0 


ooooo ooooo oooc0co ooooo ooooo0o o0000 


«GLb6° 


x6L46° 
«EBL6° 
«Z8+6° 
Bo L6L6° 
«G6L6° 


x66L6 : 
«£006 ° 
«LOc6~ 
wb boo’ 
xGbo6’ 


«6406° 
x€0C6- 
xltdb’ 
x bbe" 
«G&C6° 


«6ES6° 
xEVC6" 
xLbc6- 
xt Gc6" 
«x3GC6° 


«6S26° 
x€976° 
x£9d6° 
xb lc6 
xGlé6 ‘ 


«6206 ° 
x€8C6- 
xL£8c6- 
x b626° 
S626" 


O'OLL 


0 


ooooo oooo00 


ooooco ooo0o°o ooo0o0o ooococo 


O'S9OL 


‘v9l 
“pot 
“eol 
“Egol 
mace! 


“é9k 
“tO 
“LOL 
“O9L 
“O9L 


owone mowowow 


"6S1 
"6S1 
"eSl 
“OSL 
“LGL 


"LG4 
"9G 
“OGh 
“GSI 
"SG 


“PS 
“PS 
“est 
“eSt 
"eG 


“eG 
“ESL 
“bSt 
“OSL 
“OSI 


OwWoOw oO wowmow OoOwWwomo wNonow 


“dW31 


Copyright por American Petroleum Institute 
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API MPMS*1L1-1 VOL*VI 60 MM 0732290 0523310 723 


Lev 


0°062 OL O'022 = VHd IV 

O°OSt xO€06'O «EEO06'O xGEO06'O x«B8E06'°O «O0V06G'DO «EPO6G'O «GPOG'O 
GS°6Z4+t) «vEO06'O «4E06'0 «6E06'0O «2v06'°O «bvO6G'O «2¥06'0 «6P06 0 
0°62 «6€06°0 «bv06°0 «Pv06'O «9706'0 «67060 »«1iGO06'O +«€S06'°0 
G’SZl «€v06'O «SPO6'O «8706'0 «0S06'0 «€S906'0 «SS06'0 «4506 '0 
O'SZL »2v06°O «6¥06°0 «2S06'0 «?S06'0 +2906°0 «6S06'°0 «2906 0 
G'é/L xbtGO6°O x«€G06°0 «9506'0 «8S06'0 «1906'°O «€906'0 »«9906'0 
O°2Lb 8 =«G906°0 «4906°0 «0906'0 «c906'°0 «9906'0 «4906°0 «0406 '0 
G'9Z- »6S06'0 »«2906'°0 «'906'0 «9906'0 «6906'°0 «+1206°0 «v406'0 
0°92 »«€906'O «9906'0 ~«8906'0 «0206°0 «€406'°0O «SL06°0 «8406°0 
G°GAL «4906'0 «0206°0 «2206'0 «G406'0O «£406'°0 »6406'0 «2806'0 
O'GAL «t£406°0 «7206°0 «9206'°0 «6406°0 «t806°0 «€806° 0 «9806 '0 
G'tlt «9Z06'0 «8406°0 «0806'0 «€806'°0 «G806'0 «2806'°0 «0606 °0 
O'vil «0806°0 «2806°0 «t806'0 «2806'0 ~.6806'0 «-L606'°0 «”606'0 
G'eZL «806°0 «9806°0 «8806'0 «1606°0 «€606'0 «9606'0 «8606'°0 
O'€ZL «8806'0 «~0606'0 «€606'0 «S606'0 «2606'0 «0016'0 «2016'0 
G°cLtL «2606°0 «¥606°0 «4606'°0 «6606'0 «bOL6'O «¥OL6'O «9016'0 
O'2Zt «9606'0 «8606'°0 «tOl6'O «f016'O «GOl6'O «BO01G°O «OLIGO 
G'iZt «O0016°O «2016'O «GOlL6'O «4016'0 «6016'O «2Ll6°O x«tvLli6'O 
O°LZt «VOlB'O «2016'O ~60t6'O «LLI6'O xELI6'O «GLLE°O «B8LI6'O 
G°OLL «8Ok6'O wtlt6'O «ELLG'O x«GhLlL6'O «BlLIL6'O «OdlLE6°O xcol6'O 
O'OLZE «Ebl6'O wGhl6'O «ZbLb6G'O «6LIG'O «22l6'O «72t6'O «9216 O 
G69 «Atb6'O ~«61L46'°O wt2l6'O «€ZI6'O «92Z16'O «8216'O «0160 
O°69t «t2l6'O wEZE6'O «GCl6'O «2Z216'O «O816'O «cEl6'O x PEl6'O 
G'89L «SZ16'O «£216'°O «6ZL6'0 «ZE16'O xbpEl6'O «9E16'O »«8E16'0 
O'89lL «6C16'O «bELG'O x€E16'0 «9EL6'O «BELG O xOVIG'O xcrl6'O 
G°294 «€E16'O «SElL6'O «LEL6'O «OFIG'O «dvl6'O «PhPl6'O «~9Vl6'O 
O°L9L wx2El6°O «6E16'°O «2H16'O «bVIG'O «9PI6'O «BVIG'O «OGI6 O 
G°O9Ob «b¥lL6'O xEVL6'O «9bV16'0 «8Fl6°O «O0G16°O «2G16°0 «PGié 0 
O°99t «GPlL6'O «4¥16'°O x«O0GL6'O «dGl6'°O s«¥SI6°O «9GlL6°O «8SI16°O 
G°SOtL «6¥V16'O «2GS16°0 «VGI6'°O «9G16°O0 «8916'0 «0916'°O «z2916'0 
O'S9L z€G16°0 «9GS16'°O «@Si6'°O0 «.0916'0 «2916'O «#916'0 «2916 °0 
d 4d 09 OL ANNIOA ONILOSYYOOS HO4 


*dWat 0°O62 0' es 0'982 O° ved 0° es 0°O082 0°82 


(4 DAG/t) ‘OOOO00L « NOISNVdX]3 TVWHSHL 


4d 09 OL NOTLOAYYHOO AWNIOA 
SNOTLVOT1dd¥ IWIDadS GNV TIWNOIAIGNI YO4 SOA 


ANTVA 
«8706'°0 «0S06°0 
»@S06'°0 «?S06'0 
#9S06'0 +8506 0 
«0906'0 «2906°0 
x¥906°0 «9906 '°0 
«8906'0 «0406°0 
x0L06 , 0 x] vl06 : 0 
*9Z06°0 «6406 °0 
«O0806'°0 »«&806'0 
«bB06°0 «2806 '0 
x8806'°0 «+606 '0 
x¢606'°0 «9606 °0 
x9606'°0 «6606 °0 
n00L6°O «fOL6'O 
«VOL6B'O «L046 °0 
x8OlL6'°O «bt bb6'O 
x2bh6°O «GtLL6'O 
x9Lt6°O «6LL6'O 
xOZL6°O «E216 '0 
a¥CL6°O x2eb6' 0 
«8dt6°O x bLEL6'O 
«2€L6'°0 «GEL6 0 
«ZEL6°O xBELBO 
stVl6'°O «€bhl6 0 
«G7lL6'0 «Z¢rlé6°0 
x6VL6°0O x bkGk6°O 
xE€GL6°O «GGl6'O 
x2ZG16°O x6S4t6'°0 
#t916°O xE9L6'0 
«G916°O «2916 °0 
«B69L6°O «LLl6°O 
YOLOVA 


O';9L2 O'vld 
40 INSTOIAS3AOO 


‘Ove AlavL Idv 


G3LVTOdVeLxXa SALONA « 


«€S06' 


«2Z906° 
« L906" 
«S906° 
«6906° 
«€L06° 


«LL06° 
xt806° 
«G806° 
«6806° 
«606° 


«2606 ° 
«bOl6” 
«G016° 
«606° 
xP bL6™ 


x2 b bo 
xhtZl6’ 
xGcob6° 
x6C16° 
xESl6° 


xZ€046° 
wk PLB" 
«xSPb6° 
x6716° 
x€Gb6- 


x2Gl6° 
«x bOLG’ 
xGOL6° 
«6916 
x€LZL6° 


O' cde 


0 


ooooo eocoooo o0o0o°0c0°o 


ooooo eooo$dc$ 


ooo0o0 


«GGO6° 


«6906 ° 
«6906° 
«2906 : 
«206° 
«9206° 


*6106° 
x€806° 
«Z806° 
« b606° 
«5606 


«6606 ° 
xEOL6” 
xZObL6 : 
wb Lb 
«Gb 4b" 


«6LE6° 
x€2L6° 
xZEb6' 
x b&b” 
xGO16° 


«6E16° 
xOVL6° 
e LV 16° 
«ble 
«GG L6 : 


x69 16° 
xE94bG' 
«Z916° 
a bLle’ 
aGhl6° 


O'OL2 


0 


ogoooo ooococd ooooco ooo°0o°o ooooo oococo°o 


mMwonow owmoweo MWoMmonwn oO 
© 
~ 
r 


onowoe wWwowWow owMmowoo 
2) 
Ke 
- 


“dWal 


Copyright por American Petroleum Institute 
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API MPMS*11.-1 VOL*VI 460 MM 0732290 0523311 bbET 


0°062 OL O'OL/ = VHd IV 


O'S6t «4068'0 


S'v6) «-tl6é8'O 
O'v6l| «GSt68'0 
S'°S6t «6168'0 
O'e6 +6268 '°0 
S°c6l x8c68'0 
O'26l «2€68'0 
S°t6L «9€68°0 
O°EL «Ov68B'O 
S°O6l «vv6é8'0 
0°06: «8768'0 
S°68l «2¢968°0 
0O°681 «9S68°9 
S°S8t «0968'uU 
O'S8t «S968'0 
S°28t +«6968'°0 
O°L8-b «€468°0 
S’°98t «4268'0 
O'9St «t868'0 
S’Ss8t «G868°0 
O'S8t »«6868'°0 
G°Pp8l ».€668°0 
O'rest «8668°0 
GS°€St «2006°0 
O'est «9006°0 
S°c8t »«O0106°0 
Q°e8t xvt06'0 
S°EOL «8406'°0 
O'-L8t x2¢06'0 
S°O8-t «9206'0 


0°08 «.0€06'0 


“dWal 0'062 


«OL68°O 


«Vl68° 
«8168° 
x6C68° 
*9268° 
xO0E68" 


xVE6S° 
x6C68° 
xfP68° 
xZ¥68° 
x bk G68" 


ooooo o0ece 


*SSG68°'0 
*6S68°0 
x€968° 
«Z968° 
«4268 


«Gl68° 
«0868 ° 
«¥868° 
«8868 
«2668 ° 


*9668° 
x0006° 
«x vVQQO6" 
x8006°" 
«6 bL06° 


eooo00o0 o0000 ooo 


x9406°0 
x4Z06°0 
«S206 °0 
«6206 °0 
«€606'0 


O° ses 


«84168 °0 


«22680 
«92680 
xO0€68°0 
«S€68 0 
«6E68 0 


x€768 0 
«Zb68'°0O 
x +S68°0 
«S968 °0 
«69680 


«6968 °0 
«29680 
«bL268°0 
«9268 °0 
«6268 °0 


«£8680 
«£868 °0 
«2668 0 
«9668 °0 
x0006°0 


«V006°0 
«80060 
«2406 °0 
*9L06°0 
«0¢06'°0 


«¥206°0 
«80060 
«26060 
«9606 °0 
«0¢06°0 


Ber 


«+268 '°0 


«9668 '0 
«6268 °0 
«S68 °O 
«2668 °0 
«bt P68 °O 


«P68 °0 
«0968 °0 
«?S68°0 
«89680 
«2968 °0 


«99680 
«0268 °0 
«L680 
«8268 °0 
«28680 


«9868 0 
«06680 
«¥V668'°0 
«8668 0 
«Z006'°0 


«9006 '°0 
xO L06°0 
«VLOG O 
x6406'°0 
«£206 ' 0 


*£4206 0 
x» LEO06'O 
*G606°0 
x6E06'°O 
x&V06 "0 


«¥268 0 


«8268 '0 
«fE6B'O 
«9€68 0 
«OP6B'O 
«¥768'0O 


«B8v68 0 
«2968 0 
«9968 '0 
x0968'0 
«¥968'0 


«8968 '0 
x»€268'°0 
«L268 °0 
«48680 
«9868 '0 


«6868 '0 
+668 '0 
«2668 0 
«4/006 °0 
«9006 '0 


«6006 0 
nE L060 
w£+06°0 
nt Z06°O 
«92060 


»6206 0 
x€606'0O 
«2606 '0 
«bvO6'O 
«S06 'O 


ANIVA GALVTOdVHLXa SALONAG x 


»Zc68°0 »xO0€68°O 


«L€68'°O «vE68°0 
«SE68°0O «8868 °0 
«6€68°0 «cp68'0 
«€¢068°0 «9768 °0 
«Zv68'0 «0568 °0 


«+968°0 «7968 °0 
«§S68'°0 «8568'0 
«6S68°0 +2968'°0 
x€968'°0 «9968 °0 
«Z968'°0 «0268 °0 


a+ Z68°0 «¥268°0 
«G268'°0 «8468 °0 
x6268'°O0 «2868 °0 
x€868'°0 «9868 °0 
«2868'0 «0668 °0 


«4668'°0O »«v¥668'0 
«G668'°0 «8668 '°0 
«6668 '°0 »«72006'°0 
x€006°0 «9006'0 
*8006'0 «OL06'0 


xGb06'°O »blLO6" 

«9406°O «LOGO 
x0206'°0 «c706'0 
«¥206'°0 «9206°0 
«8206'0 «0€06'0 


«2606 °0 x PE06'0 
x9€06'°0 «8606'0 
“OvV06'O «cr06'0 
«¥706°0 «9706°0 
«8v06'°0O «0S06'0 


4d 09 OL AWNIOA SNILOAHYHOS HOF WOLOVA 


x€468°O «Gl68'O 
«Z£168°O «0268'0 
x»bé68°0 «#268 '°0 
*G268'°0 «8268 '0 
«6068 '°O «2868 '°0 
*x€E68°O «9E68'0 
*Z€68°0O «0768 '°0 
«+68 °0O «768 °0 
«Gv68°O «8768 '0 
«6768°0O «2968 °0 
«?S68°O «9968°0 
«8S68'°0 «0968 °0 
«0968 °0 «968 '°0 
«9968'°0O «6968 °0 
xOZ68°O «€Z68°0 
«V168°0O «2268°0 
«8168'°O «1868°0 
«C868 °0 «9868'°0 
«9868'°0O «6868 °0 
«0668'°0O «€668°0 
«P668'°0 «2668°0 
x6668'0 «+1006°0 
«€006'°0 «$006°0 
«L£Q06°0 *6006 0 
xb tO6°O x€406'0 
«GltO06°0O xZL06°0 
x6+06'°O «&¢c06°0 
«€606°0 «9206 '°0 
*ZZ06'°O »0€06'°0 
«b€06°O «7E06'0 
*G€06°O ~8€06'0 
0'982 O° res 
(4 93q/}4) 


0° 282 


0°0e2 


O°ell 


“OOQOOOL « NOISNVdxXda IWWHSHL 


4d 09 OL NOTLOAHYOO AWNTIOA 
SNOILVOIIdd¥ IWIO8dS ONY TWNGIAIONI YO4 4O0A ‘Ove BITaVL Idv 


O°92z2 O'vd 
30 LNETOISS300 


«&f6B'O 


«968 '0 
«O68 'O 
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VI-7 


11.1.24.7.1 Appendix to TABLE 24C 


11.1.24.7.1.1 Equations and Constants for 
TABLES 23 and 24 


Three equations form the basis for the values pre- 
sented in TABLES 23 and 24. 


Vr_ Pp 
VCF === 1 
Vopr (1) 


= EXP [—a7At(1.0 + 0.8 a7As)] 
— Ko + Kipr 


Ti rr (2) 
Pr 
ap=A + Bip? (3) 


t = any temperature, °F 
T = base temperature, 60°F 
pr = density at base temperature, kg/m? 
ay = coefficient of thermal expansion at base 
temperature, per °F (Equation 3 represents 
the segment between the jet group and the 
gasoline group.) 
A = —0.00186840 
B = 1489.0670 
range: 0.7710 to 0.7885 relative density 


The input to TABLE 23 is corrected to account for 
the thermal expansion of a glass hydrometer. This cor- 
rection is included in the hardcopy printed tables. An 
override switch is available in the subroutine to allow 
for use with densitometers for which such a correction 
is not required. These items are defined in 11.1.23.1 
and 11.1.23.2 in Volume X. The specific application of 
Equations 1, 2, and 3 depends on whether or not the 
substance of interest is a crude oil or a product. Further, 
the use of the equations for a product depend on the 
relative density range of the fluid at base conditions 
(that is, 60°F). 


Crude Oils 
Equation 3 is not used in the crude oil tables or sub- 
routines. The constants for Equation 2 are: 
Ky = 341.0957 (kg/m>)?/°F 
K, = 0.0 
range: 0.6110 to 1.0760 relative density 


Products 

The constants for Equation 2 depend upon the type 
of product. This is determined by the gravity range at 
60°F. 


Range: 
Product Type Constants Relative Density 
Fuel oil Koy = 103.8720 0.8400 to 1.0760 
K,;= 0.2701 
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Jet group Ko = 330.3010 0.7890 to 0.8395 
K, = 0.0 

Gasolines Ko = 192.4571 0.6535 to 0.7705 
K, = 0.2438 


Equation 3 represents the segment between the jet 
group and the gasoline group. 


A = —0.00186840 
B = 1489.0670 
range: 0.7710 to 0.7885 relative density 


The logic required to use these equations to the pre- 
cision of the standard is discussed in the implementation 
procedure for the specific subroutine for the table of 
interest (see Volume X). 


11.1.24.7.1.2 Densities and Coefficients of Thermal 
Expansion for Each Individual NBS 
Sample 


The tables following this discussion present the re- 
sults of the individual fits of each sample of the NBS 
data to the equations representing the final standard. 
Five tables are given: one for each major classification 
of fluid. 

Each table gives the sample number, name, and 
number of points which correspond to the identifiers on 
the raw data received by the Physical Properties Work- 
ing Group from the NBS. The base density and thermal 
expansion coefficient (alpha) given for each sample are 
results obtained from the optimization of each indi- 
vidual fluid sample. The percent standard deviation 
represents the fit of the entire sample while the maxi- 
mum error is the largest percent deviation of any single 
point in a sample. 

The working group used all of the data supplied in 
final form by the NBS. However, the preliminary data 
on a number of the samples showed physically impossi- 
ble behavior such as density increasing with tempera- 
ture. These instances were reported to the NBS which 
either withdrew the sample or reran it and provided 
acceptable data. 

The lubricating oils formed a statistically significant 
population. However, there were an insufficient num- 
ber of data covering too narrow density range to devel- 
op a separate table. The user of these tables who is 
interested in lubricating oils has three options: 


1. Measure ten or more points of data on the specific 
lubrication oil of interest, develop alpha from these 
measurements, and use TABLE 24C. 

2. Based on density range, select an alpha from these 
tables for a fluid studied by the NBS and use TABLE 
24C. 

3. Use the generalized product TABLE 24B. The tem- 
perature dependence of alpha is the same for both the 
fuel oil and lube groups. 
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Crude Oils—60 Deg Density and Alpha for Each Individual Sample 


Sample Temperature Density at 60°F Alpha Percent Standard Maximum 
Number Name NP Range (°F) (kg/m?) at 60°F? Deviation Percent Error 
21 Umm Shaif 4 59. =~ 76. 835.6562 463.629 0.0122 —0.0178 
27 ~—s- Deep Yates 6 41. - 114. 873.8679 440.294 0.0215 —0.0389 
28 = Slocum 12 41. ~ 136. 949.1750 369.333 0.0746 0.2037 
29° = -West Texas Mixed 4 79. - 95. 854.0283 476.528 0.0029 0.0037 
30 ~—s Light Export Blend 7 65. - 110. 857.4568 475.052 0.0300 0.0437 
31 Heavy Export Blend 4 65. — 110. 872.1948 451.544 0.0159 —0.0212 
34 Qua Iboe 5 69. — 103. 839.2109 476.442 0.0039 0.0051 
65 = Arab Light 4 58. - 85. 858.1453 433.834 0.0369 0.0443 
67 Medium Export Grade 5 65. - 110. 874.4727 458.018 0.0190 0.0270 
68 — Berri Light Export 5 57. - 106. 835.8196 476.959 0.0643 0.1022 
69 East Texas 3 65. -— 97. 824.7483 $27.781 0.0062 0.0071 
71 Arian 7 57. - 97. 898.4517 428.550 0.0073 —0.0099 
72 Shkapova 6 40. - 133. 873.9578 455.478 0.0655 0.0832 
75  Samatlorskoye 3 69. - 96. 857.4866 460.781 0.0119 —0.0133 
76 Kern River 13 59. — 107. 973.3174 361.954 0.0041 —0.0079 
79 ~~ Deep Yates 5 54. - 128. 878.3403 432.248 0.0167 0.0206 
80 Shallow Yates 5 69. -— 134. 920.1799 403.717 0.0027 0.0036 
83 Yates Tuborg 9 44. - 106. 970.4497 361.485 0.0041 0.0080 
84 West Texas 4 50.- 96. 876.8494 442.169 0.0112 —0.0153 
85 West Texas 5 50. - 77. 876.8259 419.338 0.0510 0.0744 
86 = Jay Mixed 7 59. - 90. 770.3992 585.100 0.0410 0.0591 
120“ Prentice 3 68. - 81. 874.0317 442.852 0.0019 —0.0021 
121 Deep Yates 6 40.- 81. 876.8779 441.799 0.0128 —0.0185 
129. Midland Farms 6 40. - 77. 782.6462 561.992 0.0174 — 0.0263 
131 Midland Farms 4 59. - 81. 816.9514 507.342 0.0141 —0.0183 
138 Foster Field 7 60. - 112. 815.7173 515.137 0.0530 0.0695 
139 Midland Farms Elnbrg. 7 60. - 112. 782.2588 522.298 0.0197 0.0368 
140 Midland Farms Devon. 4 60. - 85. 816.5881 502.051 0.0256 0.0341 
144 Levelland 3 69. - 8&4. 860.7119 350.456 0.0207 0.0239 
145 Deep Yates #1 4 50. - 76. 876.3838 452.215 0.0055 0.0052 
147 Cogdill Field 5 69. — 112. 822.9702 485.955 0.0165 0.0225 
149 Shallow Yates 8 60. -— 122. 922.7305 403.968 0.0133 0.0194 
152. Andector Ellenburg 6 60. — 112. 804.4863 496.139 0.0143 0.0189 
153 Goldsmith 4 60. - 85. 843.7415 479.705 0.0171 -0.0241 
154 Cowden North 7 69. - 122. 855.2607 463.692 0.0083 0.0128 
187 _— Fullerton § 6. - 94. 809.0750 500.989 0.0200 —0.0300 
158 = Pennington Field 6 49.- 95. 848.4775 472.585 0.0046 —0.0056 
160 = Zarzaitine 3 68. - &7. 814.9663 $02.498 0.0064 —0.0073 
163 Attaka 5 49.- 87. 812.4797 536.208 0.0072 -0.0113 
168 § Murban 4 68.- 95. 824.0291 494,816 0.0013 —0.0016 
172 Qatar Marine 8 59. -— 93. 844.2861 478.610 0.0119 0.0164 
174 Abu Dhabi 12 58. - 102. 826.0774 495.203 0.0168 0.0405 
178 Heavy Export Blend 4 49. - 77. 867.6367 467.900 0.0195 —0.0243 
180 ~—s Light Export Blend 4 59. — 87. 844.3647 478.589 0.0038 —0.0050 
182 Oman $ 49.~ 77. 855.0320 460.632 0.0023 —0.0028 
184 ~~ Forcados 4 68. - 95. 872.4541 449.272 0.0013 —0.0019 
186 Nigerian Medium 4 59.- 77. 902.5081 422.275 0.0044 0.0057 
188 Kuwait Export Blend 3 59. - 77. 868.3643 448.100 0.0006 —0.0007 
199 Auk 4 85. - 110 840.2544 450.282 0.0877 —0.1156 
192 Es—Sider 5 68.- 93. 840.3562 476.409 0.0164 —0.0225 
194 Qatar Marine 8 58. - 93. 841.0327 489.895 0.0288 —0.0463 
365 Leduc Reef 3 76.~ 95. 798.4756 524.992 0.0072 —0.0083 
403 Escravos 3 68. - 114. 843.0283 484.352 0.0092 0.0100 
405 El Alamein 4 68. -— 122. 840.8818 478.616 0.0059 0.0077 
406 Ras Shukheir 3 68. - 122. 873.7947 455.541 0.0091 0.0098 

*Alpha in reciprocal degrees F multiplied by 1 000 000. 
Notes: density data points covering at least a 50°F temperature range and 


1. Alpha and density obtained by using non-linear regression on each encompassing the 60°F base temperature. 
individual data sample. The results obtained from fits on individual 
data samples are not recommended unless there is a minimum of 10 2. 124 sample, 690 data points. 
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Crude Oils—60 Deg Density and Alpha for Each Individual Sample 


(continued) 

a nS ee 
Sample Temperature Density at 60°F Alpha Percent Standard Maximum 
Number Name NP Range (°F) (kg/m?) at 60°F? Deviation Percent Error 

422. Arab Medium 3 68. — 105. 873.1348 459.470 0.0018 0.0020 
423 Arab Light 7 59. — 123. 857.3352 464.149 0.0046 0.0067 
424 = Arab Extra Light 5 $9. - 123. 839.8494 477.002 0.0066 —0.0090 
438 Awali 6 50.- 95. 866.6626 461.605 0.0119 0.0157 
439 Sahara Blend 5 50. - 87. 804.0664 528.845 0.0046 —0.0059 
456 = SE. Sask. Light 3 68. - 94. 841.1042 465.186 0.0050 0.0057 
457 Kuwait Export Blend 4 50. - 78. 867.9058 474.707 0.0147 —0.0210 
461 ~=Dollard 5 61. - 85. 918.2859 435.160 0.0162 —0.0205 
483 Qatar Land Blend 3 59.- 76. 820.4590 $23.157 0.0022 0.0026 
495 Awali 12 50. ~ 104. 865.2119 471.344 0.0142 0.0203 
496 _ Halul Island Blend 3 59. - 76. 842.5232 481.781 0.0108 0.0125 
500 Ghareb 5 59. - 86. 919.1538 454.763 0.0151 ~0.0243 
508 Extra Light Export Blend 10 59. - 112. 834.5354 466.331 0.0159 —0.0288 
510 Light Export Blend 8 59. - 103. 857.3892 453.997 0.0178 0.0323 
51k Medium Export Blend 8 59. - 985. 871.3943 435.360 0.0226 —0.0364 
536 Gatar Marine 6 40.- 86. 841.1399 516.270 0.0291 0.0360 
$37 Cardium 6 40.- 86. 832.3069 561.174 0.0370 0.0529 
538  Pemina Field 6 40. - 86. 835.4336 550.641 0.0512 0.0695 
544 _—‘ Forties 6 40. - 86. 842.1521 529.906 0.0355 0.0498 
548 Trinidad Export Blend 5 67. - 98. 850.8181 468.709 0.0029 —0.0044 
549 Zakum 4 67, - 78. 825.6421 $20.041 0.0396 0.0377 
550 = Zarzaitine 4 67. - 95. 812.9695 507.292 0.0134 0.0161 
551 Lloydminister 6 59. - 95. 927.9421 404.223 0.0114 0.0159 
554 Poza Rica 5 59. - 86. 881.5017 451,525 0.0110 —0.0177 
555 _— Pajaritos 6 67. — 112. 833.1399 477,256 0.0119 —0.0188 
556 = Talara 3 61. - 104. 837.0020 480.716 0.0021 -0.0024 
557 Estacion Bobmas 6 61. - 96. 851.6245 476.236 0.0291 - 0.0348 
558 Ono 9 54. — 105. 865.1184 439.373 0.0289 0.0472 
559 Cmdo Belco 6 61. - 104. 856.8171 464.683 0.0080 0.0111 
560 No. LD. 7 61.~ 96. 904.9167 409.383 0.0154 0.0258 
561 = Matzen, B 5 61. - 86. 931.8789 394.185 0.0043 0.0056 
562 Matzen, B 9 54. — 112. 908.7727 410.899 0.0164 0.0267 
564  Cabinda Lowpour 4 70. - 78. 893.0525 401.330 0.0153 0.0189 
572 Medanito 3 Tl. - 86. 867.3535 491.138 0.0215 0.0248 
574 Gregorio 9 61. - 107. 801.4128 514.021 0.0188 -0.0340 
575 Clarencia 8 61. - 107. 803.6306 502.965 0.0178 0.0302 
576 Heavy Export Blend 5 61. - 95. 865.9709 431.310 0.0592 0.0779 
577 _—_— Light Export Blend 3 61. - 78. 855.3975 461.008 0.0256 —0.0294 
579 —s La Pena 4 61. - 86. 814.5913 485.192 0.0043 —-0.0057 
580 Monteagudo 4 61. - 86. 793.6838 524.660 0.0051 0.0061 
581 Baltic Romash. 4 71. - 112. 875.7507 445.020 0.0014 0.0020 
582 Black Sea Romash. 6 67. - 112. 858.8811 450.452 0.0163 0.0224 
583 Zarzaitine 3 69.- 87. 809.9922 435.114 0.0042 0.0048 
586 = San Joaquin 5 53.- 86. 896.9885 417.812 0.0067 0.0110 
387 Huntington Beach 4 62.- 78. 930.4045 402.291 0.0125 -0.0150 
588 No. LD. 3 69. - 87. 886.1626 437.981 0.0129 0.0149 
590 Sun Leovy, et al. 8 54. - 107. 951.2656 374.658 0.0030 0.0049 
591 Sour Lake 10 54. — 106. 953.5164 374.490 0.0018 —0.0039 
592 Saratoga 10 61, - 132. 952.4934 379.449 0.0057 0.0121 
593. Sour Lake 8 62. — 112. 949.9182 375.043 0.0102 0.0178 
594 Midway Sunset CA 3 80.- 93. 982.6348 359.734 0.0018 0.0021 
595 Poso Creek 6 61. - 103. 975.6282 354.160 0.0079 0.0102 
596 Fruitvale 6 61. - 103. 943.9443 385.405 0.0064 —0.0082 
597. San Ardo 6 61. — 105. 976.1484 365.076 0.0042 0.0051 
598 Santa Maria Valley 5 78. - 93. 985.7908 367.026 0.0308 —0.0441 


a 


*Alpha in reciprocal degrees F multiplied by 1 000 000. 


Notes: density data points covering at least a 50°F temperature range and 
1. Alpha and density obtained by using non-linear regression on each encompassing the 60°F base temperature. 

individual data sample. The results obtained from fits on individual 

data samples are not recommended unless there is 2 minimum of 10 2. 124 sample, 690 data points. 
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CuapTer 11—PuysicaL Properties DATA VI-10 


Crude Oils—60 Deg Density and Aipha for Each Individual Sample 


(continued) 

Sample Temperature Density at 60°F Alpha Percent Standard Maximum 

Number Name NP Range (°F) (kg/m*) at 60°F? Deviation Percent Error 
599 Edison 4 61. - 105. 948.7986 380.622 0.0034 —0.0039 
600 Coalinga 8 6l. - 112. 970.8679 369.599 0.0187 0.0301 
603 Mount Poso 7 61. ~ 112. 959.8904 369.227 0.0027 0.0044 
604 Cymric 7 61. - 112. 984.8262 360.039 0.0044 0.0053 
605 Kern River Heavy 4 78. — 103. 990.4246 352.864 0.0039 0.0048 
606 Cat Canyon 9 61. - 113. 972.7229 375.163 0.0068 —0.0113 
607 Kern Front 6 78. - 113. 975.0327 356.011 0.0039 —0.0057 
608 Kern River 7 73. - 113. 976.0872 359.712 0.0015 0.0027 
610 Tia Juana 102 6 67. - 112. 905.1736 414.208 0.0048 —0.0077 
612 Tia Juana 102 6 67. = 102. 905.1411 418.090 0.0085 0.0099 
613 Bachaquero 5 68. - 112. 980.2991 358.272 0.0063 —0.0105 
614 Bachaquero 4 68. - 112. 980.2927 358.261 0.0017 -0.0022 
617 Merey 5 68. - 112. 949.4568 390.156 0.0058 0.0102 
618 Merey 5 68. — 112. 949.5916 389.440 0.0042 -0.0054 


eS 


“Alpha in reciprocal degrees F multiplied by 1 000 000. 


Notes: density data points covering at least a 50°F temperature range and 
1. Alpha and density obtained by using non-linear regression on each encompassing the 60°F base temperature. 

individual data sample. The results obtained from fits on individual 

data samples are not recommended unless there is a minimum of 10 2. 124 sample, 690 data points. 


Gasolines and Naphthenes—60 Deg Density and Alpha for Each Individual Sample 


Sample Temperature Density at 60°F Alpha Percent Standard Maximum 
Number Name NP Range (°F) (kg/m*) at 60°F* Deviation Percent Error 
10 FCC Gasoline 3 54. - 90. 683.6716 807.075 0.0016 —0.0018 
22 Cat. Cracked Gaso 5 41.- 86. 690.8076 791.173 0.0125 —0.0150 
24 Premium Gas 4 54. - 90, 771.2275 675.759 0.0361 ~0.0537 
26 St. Run Gasoline 5 40. - 72. 657.6523 850.583 0.0193 0.0282 
51 Regular Gasoline 3 SO. - 78. 736.5852 701.073 0.0331 0.0383 
52 Low-Lead Gas 7 40. - 77. 740.6658 688.064 0.0159 0.0300 
53 Premium Gasoline 6 50. - 90. 746.1934 686.479 0.0417 0.0501 
54 No Lead Gasoline 10 40. - 87. 746.0542 675.640 0.0187 —0.0449 
300 Regular Gasoline 3 69. - 85. 727.9309 668.667 0.0039 0.0044 
305 Regular Gasoline 8 43. — 104. 737.3618 671.938 0.0080 0.0131 
308 Regular Gasoline 7 $2. - 11. 739.7634 680.343 0.0144 —0.0228 
311 Unleaded Regular Gas 5 52. - 103. 743.8010 662.254 0.0216 -0.0235 
313 Premium Gasoline 6 41. - 77. 736.7202 698.266 0.0117 —0.0162 
315 Catalytic Gasoline 4 41. - 67. 734.2156 705.324 0.0039 —0.0045 
317 Motor Gasoline Reg 4 41. - 67. 742.6831 696.248 0.0034 -0.0044 
320 Premium Mogas 6 52. - 114. 746.4539 663.887 0.0062 —0.0103 
326 Regular Gasoline 7 39. - 95. 739.2729 684.039 0.0173 0.0267 
329 Premium Gasoline 7 39. - 103. 730.2139 684.629 0.0133 0.0204 
331 Naphtha 7 41. - 95. 698.9792 739.367 0.0113 —0.0167 
333 Unleaded Gasoline T. 41.- 95. 714.6775 704.094 0.0148 —0.0184 
335 Gasoline 7 41.- 95. 736.6206 674.727 0.0107 0.0155 
338 Unleaded Gasoline 6 40. - 85. 755.9033 682.968 0.0062 —0.0097 
341 Regular Gasoline 5 40.- 77, 736.5120 694.871 0.0045 0.0049 
345 Unleaded Gasoline 7 40.- 86. 746.5820 678.416 0.0130 0.0241 


a I ee es 


“Alpha in reciprocal degrees F multiplied by 1 000 000. 


Notes: density data points covering at least a 50°F temperature range and 
1. Alpha and density obtained by using non-linear regression on each encompassing the 60°F base temperature. 

individual] data sample. The results obtained from fits on individual 

data samples are not recommended unless there is a minimum of 10 2. 76 samples, 436 data points. 
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Vi SECTION 1—VoLUME CORRECTION FACTORS 


Gasolines and Naphthenes—60 Deg Density and Alpha for Each Individual Sampie 


(continued) 

i es eS Se 
Sample Temperature Density at 60°F Alpha Percent Standard Maximum 
Number Name NP Range (°F) (kg/m?) at 60°F? Deviation Percent Error 

347 ‘Unleaded Gasoline 6 40. - 86. 753.1575 669.743 0.0100 0.0130 
351 Unleaded Gasoline 5 40.- 8&6. 759.6685 675.652 0.0087 ~0.0105 
353 Premium Gasoline 6 40. - 86. 717.9895 692.285 0.0103 0.0133 
355 Regular Gasoline 6 40.- 86. 737.5386 681.020 0.0132 0.0197 
358 Regular Gasoline 8 43. — 105, 717.0518 700.755 0.0050 0.0087 
359 No Lead Gasoline 8 43. -— 105. 737.2388 656.971 0.0040 -0.0101 
366 Unleaded Gasoline 6 43, - 95. 742.5498 680.660 0.0030 0.0036 
370 Unleaded Gasoline 7 43. ~ 105, 744.5198 668.889 0.0069 -0.0102 
373 Unleaded Gasoline 8 43. -— 105. 754.5806 655.729 0.0176 0.0316 
376 Premium Gasoline 7 43. ~ 105. 732.0876 665.455 0.0058 ~0.0088 
377. ~—- Regular Gasoline 9 43. — 104. 728.5959 683.940 0.0055 —0.0083 
380 Unleaded Gasoline 7 43. — 95. 751.9854 666.200 0.0085 0.0124 
382 Gasoline 8 43. -— 104. 760.9646 652.840 0.0087 ~-0.0130 
385 Regular Gasoline 8g 43. — 104. 736.1465 684.794 0.0075 0.0103 
391 Automobile Gasoline 7 43. - 95. 738.0696 695.090 0.0130 -0.0231 
398 Regularmogas 6 40. - 86. 734.0000 686.107 0.0050 —0.0068 
408 Regular gasoline 7 42.- 95. 734.0615 681.748 0.0133 0.0277 
412 Premium Gasoline 6 42. - 85. 743.7039 701.983 0.0040 0.0068 
415 Premium Gasoline 6 40. - 95. 733 5828 707.325 0.0138 0.0181 
418 Premium Gasoline 7 40. - 95. 755.7083 672.356 0.0080 0.0119 
429 Premium Gasoline 5 50. — 105. 733.6731 668.372 0.0093 ~-0.0124 
430 Unleaded Gasoline 6 50. -— 105. 731.5818 669.269 0.0046 ~—0.0083 
434 —_ Regular Gasoline 5 50. - 87. 703.5068 737.410 0.0070 —0.0112 
437 Unleaded Gasoline 5 50. - 87. 726.6045 700.020 0.0184 —0.0256 
441 Regular Gasoline § 50. -— 86. 724.8259 710.761 0.0064 0.0074 
445 + Regular Gasoline 3 50.- 68. 732.4678 719.888 0.0200 ~0.0230 
449 Unleaded Gasoline 3 50.- 68. 743.8577 707.855 0.0065 —0.0075 
452 Premium Gasoline 5 50. - 86. 738.8235 679.450 0.0072 —0.0090 
453 Regular Gasoline 5 41. - 77. 735.9702 697.962 0.0178 0.0210 
454 No Lead Gasoline 5 41. - 77. 729.5144 704.259 0.0104 —0.0167 
460 = Clear Gasoline 5 41.- 77. 740.6047 699.012 0.0062 —0.0101 
463 ~—- Catalytic Gas 5 41. -— 77. 738.1841 683.317 0.0042 —-0,0063 
466 Unleaded Gasoline 5 40.- 77. 747.5625 682.655 0.0114 —0.0161 
468 Unleaded Gasoline 5 40.- 77. 732.3083 709.682 0.0131 —0.0194 
471 Reg Gasoline 5 40.- 77. 740.1760 696.075 0.0113 ~0.0197 
476 Premium Gasoline 5 40.- 86. 725.3652 680.674 0.0074 0.0094 
477 Regular Gasoline 5 40.- 86. 736.6257 685.766 0.0148 —0.0153 
479 Regular Gasoline 5 40.-— 86. 743.2593 671.509 0.0104 ~0.0160 
482 Unleaded Gasoline 4 40.- 69. 743.2708 689.875 0.0023 0.0025 
487 Gasoline 6 41. - 87. 741.4248 702.997 0.0038 —0.0059 
490 Regular Gasoline 7 41.- 77. 710.6511 744.913 0.0062 —0.0080 
491 Premium Gasoline 4 50. - 77. 723.1777 708.858 0.0075 0.0102 
492 Gasoline 5 41.- 77. 718.0754 728.682 0.0096 0.0113 
§13 Motor Gasoline 5 41.- 77. 732.8252 715.196 0.0087 —0.0095 
$18 Regular Gasoline 5 41. - 77. 734.8123 705.894 0.0143 —0.0184 
$22 Clear Gasoline 5 41.- 77. 751.9270 672.904 0.0185 —0.0228 
523. Clear Gas 6 39.- 86. 750.9285 692.240 0.0041 —0.0054 
527 Unleaded Gas 4 39. - 68. 713.1448 730.350 0.0193 —0.0270 
532 Motor Spirit 3 68. -— 95. 753.3936 680.546 0.0065 —0.0065 
S41 Motor Gasoline 6 39.- 86. 733.4534 694.750 0.0070 0.0094 
542 Premium Gasoline 6 39. - 86. 707.9893 . 724.580 0.0116 —0.0171 
543 Premium Gasoline 6 39. -— 86. 714.8098 724.907 0.0095 0.0135 


en 
*Alpha in reciprocal degrees F multiplied by 1 000 000. 


Notes: 

1. Alpha and density obtained by using non-linear regression on each 
individual data sample. The results obtained from fits on individual 
data samples are not recommended unless there is a minimum of 10 
density data points covering at least a 50°F temperature range and 
encompassing the 60°F base temperature. 


2. 76 samples, 436 data points. 


Copyright por American Petroleum Institute 
Mon Feb 07 11:54:30 2005 


API MPMSx11-1 VOL*VI 80 MM 0732290 0523416 Occ 


CHAPTER 11—PuysicaL Propennies DATA Vi-12 


rn nS 


Diesels, Heating Oils and Fuel Oils—60 Deg Density and Alpha for Each Individual Sample 


Sample Temperature Density at 60°F Alpha Percent Standard Maximum 
Number Name NP Range °F (kg/m?) at 60°F* Deviation Percent Error 
1 #2 Heating Oil 18 40. - 123. 862.8655 458.148 0.0107 0.0271 
15 Fuel Oil, Heavy 7 40. ~ 128. 863.6101 457.136 0.0136 0.0189 
19 = Gas Oil 11 41. - 136. 838.5593 464.905 0.0168 0.0310 
25 Light Fuel Oil 6 66. - 129. 921.5002 406.994 0.0068 ~0.0091 
47 Fuel Oil LS 3 69. - 96. 966.7903 399.007 0.0175 0.0199 
49 Diesel Fuel 10 59. -— 115. 848.7898 463.597 0.0063 0.0089 
57, Carbon Black 6 49. — 103. 1074.4121 334.589 0.0203 0.0368 
301 = #2 Furnace Oil 7 59. ~ 113. 836.6428 466.974 0.0050 0.0077 
304 #2 Heating Oil 9 43. -— 123. 835.0251 461.108 0.0099 0.0135 
306 Auto Diesel #2 g 59. -— 113. 855.4766 450.601 0.0042 — 0.0058 
309 #2 Diesel Fuel 7 60. - 111. 852.4626 457.858 0.0096 0.0143 
312 #2 Fuel Oil 9 $2. — 124. 847.0957 461.042 0.0142 0.0198 
316 Furnace Oil #2 7 41. — 123. 850.9905 470.296 0.0142 0.0193 
318 #2 Fuel Oil 9 $2. — 124. 873.6687 448.328 0.0086 0.0116 
322 Gasoil 8 $2. -— 124. 851.2815 448.236 0.0100 —0.0132 
324 =©«#2 Heating Oi! ll 39. - 123. 852.2014 460.967 0.0118 0.0191 
327 Heating Fuel 10 39. — 123. 846.5410 466.365 0.0112 0.0196 
330 Fumace Oi 10 39. ~ 123. 860.7014 454.315 0.0106 0.0180 
332 #2 Fuel Oil 10 41. -— 123. 839.8455 463.073 0.0114 0.0201 
337 —— Diesel Fuel 12 40. - 123. 845.9119 459.455 0.0105 0.0237 
342 #2 Furnace Oil 9 40, - 114, 911.8210 442.767 0.0048 0.0072 
344 Diesel #2 9 4h. - 114. 855.9502 452.112 0.0082 0.0127 
349 = Furnace Oil 10 43, — 123. 854.1304 446.834 0.0101 0.0180 
352 Diesel Fuel 8 43. - 104. 846.8281 463.466 0.0069 0.0004 
354 Prem. Diesel Fuel 9 43. — 123. 840.0740 464.764 0.0120 0.0200 
357s #2 Fuei Oil 10 40. - 123. 857.4802 460.504 0.0106 0.0178 
360 #1 Fuel Oi 10 40. ~ 123. 817.3608 490.886 0.0124 0.0203 
362 Gasoil 10 40. - 123. 845.5383 456.958 0.0113 0.0190 
368 § Medium Distillate 10 40. - 122. 873.5288 446.903 0.0138 0.0251 
371 Furnace Oil #2 10 40. - 122. 856.7351 467.277 0.6131 0.0232 
372 Heater Oil #1 10 40. -— 122. 812.0063 504,740 0.0135 —0.0225 
378 #2 Burner Fuel 10 40. - 122. 849.5969 472.523 0.0139 0.0245 
384 #2 Heating Oil 10 40. — 122. 839.7666 464.673 0.0117 0.0188 
387 #2 Heating Oil 10 40. - 122. 856.9534 458.601 0.0109 0.0172 
389 ETFA 8 43. - 104. 812.2402 507.299 0.0049 —0.0086 
390 Low Sulf. Fuel 8 42. — 105. 913.5298 419.200 0.0233 0.0388 
392 Heating Oil 10 40. - 122. 829.3159 475 088 0.0124 0.0203 
396 = Diesel Gasoil 10 40. - 122. 836.1177 467.147 0.0122 0.0192 
399 «ALD. O. 10 40. - 122. 845.6855 460.125 0.0110 0.0182 
409 Diesel #2 Heat. Fuel 7 42. - 95. 847.8601 457.510 0.0039 —0.0059 
410 #6 Bunker Fuei 3 69. - 85. 985.4175 367.503 0.0016 —0.0018 
413, Gas Oil 10 40. - 123. 842.4390 464.798 0.0118 0.0197 
414 Fuel Oil 3 60. - 77, 928.8215 407.094 0.0007 —0.0008 
416 Diesel Fuel 10 40. - 123. 847.8691 458.400 0.0114 0.0191 
417 Fuel Oil 4 60. - 95. 935.6743 406.016 0.0026 0.0035 
419 Diesel Fuel 7 40. - 123. 849.1516 450.148 0.0128 0.0171 
420 Fuel Oil 6 68. - 123. 930.3352 402.305 0.0035 0.0049 
431 #2 Fuel Oil 7 30. - 113. 857.1221 453.421 0.0084 0.0116 
432 #2 Furnace Oil 5 50. - 105. 831.6790 476.087 0.0068 —0.0095 
435 #2 Diesel Fuel 8 50. - 124. 845.4062 458.903 0.0093 0.0138 
440 = #2 Furnace Oil 9 SO. - 124. 868.5115 450.996 0.0084 0.0137 
446 #2 Diesel Fuel 8 50. - 114, 843.4902 474.725 0.0073 0.0112 
447 Furnace Oil 8 SO. - 114. 846.5332 465.349 0.0077 0.0116 
451 #2 Heating Oil 9 50. - 124. 851.4836 454.388 0.0136 0.0245 
464 = Furnace Oil #2 7 50. - 104. 852.3672 468.605 0.0061 0.0086 
469 Furnace Oil 10 4. -— 124. 847.9856 456.027 0.0120 0.0207 
472 #2 Heating Oil 10 40. - 124. 856.6614 460.728 0.0119 0.0209 


— SS nS 


“Alpha in reciprocal degrees F multiplied by 1 000 000. 


Notes: density data points covering at least a 50°F temperature range and 
1. Alpha and density obtained by using non-linear regression on each encompassing the 60°F base temperature. 

individual data sample. The results obtained from fits on individual 

data samples are not recommended unless there is a minimum of 10 2. 76 samples, 617 data points. 
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VI-13 SECTION 1—VoLUME CORRECTION Factors 


Diesels, Heating Oils and Fuel Oils—60 Deg Density and Alpha for Each Individual Sample 


(continued) 

Sample Temperature Density at 60°F Alpha Percent Standard Maximum 

Number Name NP Range °F (kg/m?) at 60°F? Deviation Percent Error 
474 #2 Fuel Oil 10 41. ~ 124. 848.3699 472.584 0.0139 0.0236 
475 Premium Diesel 10 41. - 124. 843.3591 465.319 0.0142 0.0240 
478 #2 Fuel Oil 9 40. - 125. 848.9204 468.018 0.0147 0.0244 
480 #1 Fuel Oil 10 67. - 112. 817.3562 482.536 0.0040 — 0.0066 
488 #2 Heating Oil 8 50. - 125. 833.6770 469.870 0.0107 0.0176 
489 #2 Burner Fuel 9 41. - 125. 851.1655 464.812 0.0115 0.0180 
494 ~—- Diesel Fuel 7 41. - 113. 846.6118 465.772 0.0108 —0.0148 
501 Gasoil 7 40. - 95. 836.6436 475.960 0.0077 ~0.0091 
$07 ~— Diesel Gasoil 3 87. - 112. 824.8657 467.606 0.0015 —0.0017 
514 Diesel Oil 10 67. - 112. 823.3218 472.750 0.0044 0.0068 
$25 #2 Fuel Oil 8 41. - 113. 849.2495 466.959 0.0101 0.0150 
526 #6LS Fuel Oil 7 41. - 113. 979.5286 384.557 0.0146 0.0217 
528 #6 Fuel Oil-HS 4 78. - 113. 997.1833 374,942 0.0030 0.0039 
529 #2 Fuel Oil 9 41. - 113. 835.9280 473.038 0.0095 —0.0143 
530 = Lt. Fuel Oil 3 87, - 112. 943.0854 408.105 0.0001 0.0001 
531 Gas Oil 3 87. - 112. 842.8574 451.401 0.0011 —0.0012 
533 Light Fuet Oil 4 68. - 112. 922.5176 404.530 0.0010 —0.0014 
535 Gas Oil 3 95. - 112. 844.6208 449,026 0.0005 —0.0006 
539 #2 Fuel Oil 3 87. - 112. 845.1033 446.456 0.0015 ~0.0017 

*Alpha in reciprocal degrees F multiplied by 1 000 000. 

Notes: density data points covering at least a 50°F temperature range and 

1. Alpha and density obtained by using non-linear regression on each encompassing the 60°F base temperature. 

individual data sample. The results obtained from fits on individual 

data samples are not recommended unless there is a minimum of 10 2. 76 samples, 617 data points. 


Jet Fuels, Kerosines and Solvents—60 Deg Density and Alpha for Each Individual Sample 


a ee ce a ra 
Sample Temperature Density at 60°F Alpha Percent Standard Maximum 
Number Name NP Range (°F) (kg/m?) at 60°F* Deviation Percent Error 

6 Stoddard Solvent 4 57. = 110. 788.9739 541.646 0.0083 0.0077 

11 = Kerosine 4 $7. - 110. 816.8965 497.757 0.0077 -0.0075 

17 Kerosine 11 §2. - 129. 789.0706 542.995 0.0115 0.0215 
50 AvJet A $ 50. - %6. 817.1665 $04.032 0.0054 —0.0062 
302 Aviation Turbine Fuel 7 §9. - 113. 796.6243 506.484 0.0047 0.0071 
303. Jet A Turbine Fuel 8 43. - 113. 802.0759 503.640 0.0058 0.0084 
307 TFA Jet Fuel 7 52. - 103. 807.9670 $04.543 0.0070 —0.0092 
310 Jet A Kerosine 6 60. - 103. 802.2847 507.221 0.0070 0.0086 
319 Turbine Fuel 8 §2. - 124. 818.5911 495.142 0.0088 0.0120 
321 Avtur 7 52. - 124. 812.9976 499.924 0.0087 —0.0128 
323. Jet Fuel A 9 §2. - 124. 819.6853 484.954 0.0101 —0.0181 
328 Jet Fuel 10 39. - 123. 800.4028 513.734 0.0132 0.0219 
336 Kerosine 9 41. - 123. 811.0210 494.376 0.0113 0.0195 
339 Kerosine 10 40. - 123. 812.3687 500.537 0.0129 0.0212 
343. Jet A Turbine Fuel 9 40. - 114. 812.4807 504.783 0.0102 0.0158 
346 = Turbine Fuel 10 43. - 123. 820.0457 495.102 0.0090 0.0162 
348 Jet A 10 43. - 123. 825.2314 486.566 0.0090 0.0165 
350 Jet A Aviation Turb. Fuel 9 43. - 123. 808.2141 502.147 0.0107 0.0194 
356 = Aviation Turb. Fuel 10 40. - 123. 806.3037 507.730 0.0131 0.0214 
364 Jet Al 10 40. - 123. 804.2139 $11.739 0.0123 0.0207 
367 Jet Fuel A 7 40. - 123. 812.5354 498.453 0.0141 0.0191 
374 Jet Fuel A 10 40. - 122. 807.0271 506.426 0.0139 0.0233 


“Alpha in reciprocal degrees F multiplied by 1 000 000. 


Notes: density data points covering at least a 50°F temperature range and 


1. Alpha and density obtained by using non-linear regression on each encompassing the 60°F base temperature. 
individual data sample. The results obtained from fits on individual 
data samples are not recommended unless there is a minimum of 10 2. 44 samples, 351 data points. 
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CHAPTER 11—PHysicaL PROPERTIES DATA VI-14 
SS ES SS Ne et Se VES 


Jet Fuels, Kerosines and Solvents—60 Deg Density and Alpha for Each Individual Sample 


(continued) 

Sample Temperature Density at 60°F Alpha Percent Standard Maximum 
Number Name NP Range (°F) (kg/m?) at OOF? Deviation Percent Error 
381 Jet Fuel A 10 40. - 122. 817.5928 497.069 0.0121 0.0201 
383 Jet Fuel A 10 40. - 122. 792.1743 $22.737 0.0134 0.0216 
386 Jet A. Kerosine 10 40. - 122. 819.3413 497.674 0.0119 0.0197 
395 White Kerosine 10 40. - 122. 786.6282 532.229 0.0144 0.0235 


50. — 114. 795.6646 310.257 0.0085 —0.0125 
50. - 124. 815.7700 504.156 0.0005 0.0149 
50. - 124. 809.1235 503.513 0.0112 0.0193 
50. - 124. 802.7690 509.955 0.0129 0.0208 
50. - 114. 805.4097 513.251 0.0099 0.0161 
50. - 114. 817.8989 496.103 0.0095 0.0145 
68. - 104. 816.0029 492.780 0.0101 0.0174 
40. — 125. 818.6135 499.286 0.0162 0.0274 


433 Aviation Turbine Fuel 
436 Turbine Fuel 

442 Aviation Turbine Fuel 
444 Jet A Kerosine 

448 Aviation Turbine Fuel 
450 Refinery Jet A 

458 Kerosine 

467 Jet Fuel A 
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470 Jet A 1 . : 822.5659 497.007 0.0135 0.0235 
473 Jet A Kerosine 1 40. - 124. 818.0740 498.960 0.0144 0.0249 
481 Aviation Turbine 40. — 125. 803.7456 511.956 0.0181 0.0269 
486 Jet Fuel 50. - 125. 790.0349 $29,343 0.0134 ~0.0211 
493 Kerosine 41. - 113. 805.3354 311.365 0.0150 0.0195 
502 Jet Al 40.- 95. 793.1592 535.482 0.0114 —0.0161 
506 White Kerosine 40.- 95. 785 5339 543.279 0.0122 ~0.0160 
516 Jet A 87. -— 112. 808.3125 495.366 0.0022 —0.0025 
521 Jet Fuel 68. — 112. 799.7908 503.846 0.0045 0.0050 
524 Kerosine 68. — 112. 801.7671 502.900 0.0042 0.0048 
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*Alpha in reciprocal degrees F multiplied by 1 000 000. 


Notes: density data points covering at least a 50°F temperature range and 
1. Alpha and density obtained by using non-linear regression on each encompassing the 60°F base temperature. 

individual data sample. The results obtained from fits on individual 

data samples are not recommended unless there is a minimum of 10 2. 44 samples, 351 data points. 


Lubricating Oils—60 Deg Density and Alpha for Each Individual Sample 


Sample Temperature Density at 60°F Alpha Percent Standard Maximum 

Number Name NP Range (°F) (kg/m?) at 60°F? Deviation Percent Error 
4 Lubricating Oil 8 52. - 129. 882.3577 390.279 0.0066 0.0101 
7 Lubricating Oil 4 57. — 110. 861.6992 417.851 0.0075 -0.0072 
9 Lubricating Oil 5 57. - 128. 917.2498 383.894 0.0024 —0.0028 
13 Lubricating Oil 7 40. - 128. 898.2021 375.755 0.0092 0.0130 
16 Lubricating Oil 3 | 40. - 109. 898.6628 389.827 0.0036 0.0056 
18 Heavy Lubricating Oil 7 §2. ~ 129. 939.8987 360.858 0.0038 0.0053 
35 Transmission Fluid 6 59. - 133. 873.4622 408.437 0.0113 0.0137 
36 Lubricating Oil 7 41. - 136. 904.7874 390.781 0.0097 0.0149 
37 Mineral Cyl. Oil 6 59. - 134. 920.7100 369.792 0.0053 0.0067 
38 Motor Lubricating Oil $ 40. - 106. 893.2395 395.292 0.0065 —0.0104 
39 Lubricating Oil 5 50. ~ 123. 882.6228 395.390 0.0071 0.0085 
40 Lubricating Oil 7 40. - 133. 886.5525 392.041 0.0110 0.0174 
41 Lubricating Oil 6 50. — 123. 911.4702 385.693 0.0026 -0.0036 
42 Transformer Oil 6 359. — 133. 892.3333 413.382 0.0086 0.0106 
43 555 Ursa Oil 6 50. - 123. 928.7507 377.250 0.0037 0.0074 
44 Lubricating Oil 6 50. - 123. 883.4270 405.827 0.0087 0.00116 
45 Lubricating Oil 3 69. - 133. 897.8474 393.446 0.0071 -0.0079 


a 


*Alpha in reciprocal degrees F multiplied by 1 000 000. 


Notes: density data points covering at least a 50°F temperature range and 
1. Alpha and density obtained by using non-linear regression on each encompassing the 60°F base range. 

individual data sample. The results obtained from fits on individual 

data samples are not recommended unless there is a minimum of 10 2. 17 samples, 107 data points. 
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